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Abstract 
Process based soil erosion models, such as the European Soil Erosion Model (EUROSEM), have the 
potential to be used for the extrapolation to the catchment scale of plot scale investigations into the 
effectiveness of soil conservation practices. In this paper results from plot scale studies on the effectiveness 
of live barriers for soil erosion control, on steep mountainsides in the Cochabamba region of Bolivia, are 
used to evaluate EUROSEM. The model is then applied to a 3 ha catchment in Pairumani, Cochabamba, 
Bolivia. The catchment consists of 28 fields of varying sizes and slopes (between 20 and 30 percent). The 
model was parameterised for the existing conditions using parameter values derived from field survey and 
from existing experiments in the area. A rainstorm, which would have a return period of five years in 
Cochabamba, was constructed and soil erosion and runoff dynamics were simulated in the catchment. Grass 
barrier strips were then introduced into the simulation, at a spacing of 9 m; the simulation results were then 
compared. Results illustrate estimated reductions in soil erosion of 185 kg at the catchment outlet and up to 
1404 kg for individual fields within the catchment. The potential of process based erosion models for 
simulation the impact of soil conservation systems in mountain environments is demonstrated. 
Introduction 
In the Andean Valleys of Bolivia farming takes place on slopes which exceed those normally considered 
suitable for agriculture. Slopes under cultivation are commonly above 25% and in some cases may exceed 
100%. The cultivation of such slopes, in what is a predominantly semi-arid climate, creates an environment 
in which soil erosion is widespread (Céspedes, 1996) and of high magnitude due to the high energy of both 
rainfall and runoff. High soil erosion rates and runoff losses reduce the productivity of these mountain 
agricultural systems by removing nutrients and organic matter, reducing soil depth and hence available water 
capacity, and by limiting the amount of rainfall which infiltrates. These reductions in productivity are not 
reversible in the short to medium term and therefore affect the sustainability of the production system.  
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Traditionally, the system has relied upon fallow periods to regenerate soil fertility, however, as land pressure 
increases it is likely that fallow periods will reduce. To arrest the declining productivity of these hillside 
systems and to protect the soil resource for future generations the Laderas Project is evaluating the use of 
live barriers to improve soil and water conservation in the Andean Valleys of Bolivia. Live barriers consist 
of planted or indigenous vegetation aligned on the contour, with the areas between the barriers cultivated. 
The live barrier acts as a trap for sediment: slowing the runoff causing deposition of sediment, promoting 
the infiltration of runoff and filtering out coarse particles. Live barriers therefore have the potential to 
reduce both runoff and soil erosion. Within the Laderas project the erosion control properties of a number 
of grass and shrub species are being evaluated within farmers fields, in the region surrounding Cochabamba 
(Sims et al, this volume). As plots are normally less than a quarter of a hectare it is difficult to extrapolate 
the results from the work to larger scales. This is desirable, particularly for planning purposes. 
One means of using experimental results at the plot scale to enable a prediction of response over a larger 
area is to use them to evaluate a simulation model. For a simulation model to be applied with confidence in 
a particular environment it is necessary to demonstrate whether or not the model performs adequately. 
Tests of process based soil erosion models are increasingly being carried out for this purpose in Europe 
(Quinton, 1997; Folly et al., in press; Vlasova et al, 1999; Hebel and  Siegrist, 1999) and for North America 
conditions (Quinton and Morgan,1998; Nearing and Nicks 1998; Kirkby 1998). However, there have been 
few applications of process based models in South America, with work instead concentrating on the use of 
empirical models, such as the Universal Soil Loss Equation or its derivatives e.g. Molina Carpio (1996) and 
Hermelín (1996). In this study the European Soil Erosion Model (Morgan et al., 1998a) is evaluated for 
Andean conditions with plot data before applying it to a small catchment.  
Study area 
Two areas were chosen for the work. The initial evaluation of the model was conducted at the Pajcha field 
site which is located to the north of Cochabamba (17o18’S 66o 15’N) at an altitude of approximately 4000 m. 
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The site was selected because of its proximity to automatic raingauges maintained by the University of San 
Simon which provide one of the few detailed records of rainfall intensities in the Cochabamba region. The 
barriers were planted in the field of a local farmer. The field measures 30 m long by 21 m wide and has three 
treatments: vegetative barriers of either Phalaris or Phalaris and Capacapa, and a control with no barrier. Each 
barrier treatment consists of six barriers of approximately 0.5 m width located on the contour with a spacing 
of 5 m. Barley was grown between the barriers and on the whole plot of the control. The site has a slope of 
45% and a soil of clay loam texture. Biological crusts have formed in some parts of the site.  
The data required for the model was collected from the field, estimated or obtained from tables in the 
model’s manuals (Morgan et al 1998b). These are given in table 1. Soil erosion estimates where determined 
annually by measuring the changes in the surface topography along transects situated both above and below 
the barriers. No measurements of runoff where made.  
To illustrate the potential for using the model to assess the impact of live barriers in small catchments a sub-
catchment within the Pairumani study area was chosen. The area is located some 60 km to the east of 
Cochabamba and is characterised by steep mountains rising up from the valley below. Agriculture is 
concentrated on the river terraces and colluvial footslopes, but is also found on the higher mountainsides. 
Slopes range from 20% on the river terraces to 65% on the mountainsides. The sub-catchment selected has 
an area of 3 hectares and comprised 27 small fields. Input data for the model were estimated from field 
texturing, the analysis of aerial and panoramic photographs, and data collected from nearby experimental 
sites. The rainfall event was designed to represent a storm with a five-year return period in Cochabamba 
(Salazar and Montenegro, 1997) which would have a peak 30-minute intensity of 35 mm hr-1.  
Model 
To simulate the movement of water and sediment on the Pajcha and Pairumani field sites the European Soil 
Erosion Model (Morgan et al., 1998a) was used. The model uses short time steps (e.g. one-minute) to model 
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the processes of soil erosion on an element with uniform properties. These elements can then be linked 
together to form hillsides and to a channel network to form small catchments. 
The model computes soil loss as a sediment discharge, defined as the product of the volume of runoff and 
the sediment concentration in the flow, to give a volume of sediment passing a given point in a given time.  
This is achieved by solving the dynamic mass balance equation (equation 1). 







e x t q x ts+ − =, ,  1 
Where, A is the cross-sectional area of the flow (m2), Q is discharge (m2/s), C the actual sediment 
concentration (g g-1), qs is the lateral input or extraction of sediment per unit length of flow (m3/s), e is the 
net pick-up rate of sediment from the bed per unit length of flow (m3/s), t is the time (s) and x is the 
horizontal distance (m) 
Soil erosion processes are described by a series of algorithms (Morgan et al., 1998a & b), which are linked 
together to form the model. The linkages are represented in the model flow chart (Figure 1). Rainfall is first 
intercepted by the plant canopy, which is split into direct throughfall and leaf drainage and the volume of 
stemflow; after calculating the kinetic energy of these components, splash detachment is calculated. 
Infiltration into the soil surface is modelled using the Smith-Parlange Equation (Smith and Parlange, 1978) 
and after subtracting the volume of surface depression storage runoff is routed over the soil surface using 
the kinematic wave equation. Soil erosion is then modelled as a continuous exchange of particles between 
the flow and the soil surface at any one time particles will be both eroding and depositing and it is the 
balance between these two opposing processes which will determine the amount of soil loss or deposition. 
The live barrier slows runoff which causes trapping and deposition of sediment, promotes infiltration and 
filters out coarse particles. These effects are dealt with by modifying model parameters to simulate the 
properties of the grass barrier. Discharge, Q, (equation 1) is reduced by increasing the value of Manning’s ‘n’ 
in equation 3. This also reduces the velocity of the flow and its transport capacity.  
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Q = a h m  2 










where s is the slope and n the value of Manning's 'n'. 
To model the effect of plant roots on saturated hydraulic conductivity, EUROSEM utilises the equation 
proposed by (Holtan 1961). The increases the value of saturated hydraulic conductivity as the basal area 
ration increases. 
 K K Psv s b= −( )1  
 where Pb is the plant basal area ratio, Ksv is the modified value of saturated hydraulic conductivity. 
By reducing the amount and velocity of the water on the soil surface the ability of the flow to transport 
sediment is reduced causing deposition to be simulated. 
Model evaluation with Pajcha data 
The model evaluation, with the Pajcha data set, had the objective of establishing whether or not the model 
would give estimates of soil erosion of similar magnitude to those observed on plots with Phalaris barriers 
and on the control plot. It was not possible to simulate the exact erosion response of the plots as they were 
monitored on a monthly basis and the model simulates single events. However, it was possible to compare 
the position of erosion and deposition on the site and to assess whether or not the model was giving 
simulated erosion depths similar to those measured. 
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Figures 2 and 3 illustrate the simulated single event erosion depth  and observed annual erosion depth for 
the Pajcha field site respectively. The observed data  (figure 3) is for one cropping season while the 
simulated data represents a single event with a return period of approximately five years. The observed data 
show erosion depths of up to 2.5 cm, with considerable variation across the slope. This annual 
measurement compare with the maximum simulated erosion depths of 1 cm for a single, large storm event. 
It is also interesting to note that the erosion at Pajcha occurs largely in front of the barriers and deposition 
occurs within and behind them (Figure 3). This is the same pattern that EUROSEM simulates (Figure 2). 
However, the pattern is contrary to the generally accepted view that sedimentation occurs in front of the 
barrier. If the data from the other experimental sites operated by Project Laderas in Bolivia is considered 
(Cespedes, personal communication) it is apparent that there is considerable variation in erosion and 
deposition, not only within sites but also between them, some behave conventionally while others behave 
like Pajcha. One explanation may be the narrow widths and heavy grazing to which some of the sites, 
including Pajcha, are subjected. Grazing reduces the thickness of the barriers and leads to some areas where 
the barrier is incomplete. This makes the barriers permeable leading to water and sediment passing through 
the barrier. However, due to the roughness implanted by the plants flow velocities are reduced and sediment 
is deposited downslope of the barrier. This how the process is simulated by EUROSEM, which cannot 
simulate the ponding of water upslope as would be the case where live barriers present a physical barrier to 
water and sediment movement. 
Application to the Pairumani catchment 
In order for EUROSEM to simulate the flow of sediment and water through a catchment the catchment 
must first under go geometric simplification (figure 4). This requires all land  and channels to be represented 
as rectangular elements and the hydrological linkages between these elements to be specified. The elements 
are assumed to have uniform hydrological properties and are normally subdivided on the basis of slope, 
soils and vegetation. In the case of the Pairumani catchment the division was made on the basis of field 
boundaries. Once divided, each element can be parameterised and the model executed for the design storm. 
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It is then possible to introduce live barriers or other soil conservation measures into the simulation to assess 
their impact on soil erosion and runoff. For the purposes of this paper two scenarios are considered:  
1. the catchment is entirely devoid of vegetation, as might be the case at the end of the dry season; and 
2. one metre wide live barriers of Phalaris are established in the catchment at 9 m spacing. 
Using these two scenarios, with the design storm, EUROSEM produced the distribution of soil loss 
illustrated in figure 5. The largest amounts of erosion were  from the larger elements with the smaller fields 
tending to be areas of low sediment  production or deposition. Soil loss was distributed evenly across the 
catchment, which is not surprising, as there were no systematic variations in slope at the site. When the bare 
soil simulation was compared with the live barrier simulation it was evident that sediment production had 
been reduced considerably across most of the catchment. This is illustrated in Figure 5c, which shows the 
percentage difference in sediment production rates. Four elements show an apparent increase in sediment 
production rates with live barriers compared to bare soil.  
Figure 6 considers the delivery of sediment, i.e. the accumulated sediment loss at a particular point in the 
landscape. It is evident that the live barriers have reduced the amount of sediment being delivered to the 
channels in all cases. This is reflected in the amounts of sediment and water leaving the catchment. For the 
bare soil scenario total runoff from the catchment was estimated to be  0.95 mm, and sediment loss 1was 
estimated to be 185 kg. Whereas for the catchment with live barriers the simulated runoff had been reduced 
to 0.75 mm and the estimated sediment loss to 0.2 kg. This indicates two things: firstly that the barriers 
would appear to be more effective at controlling soil loss than they are at promoting infiltration, and 
secondly that given the erosion rates in the catchment, EUROSEM is simulating substantial amounts of 
deposition in the channel network. 
Discussion 
  9 
J.N. Quinton  Cranfield University 
By applying EUROSEM to the Pairumani catchment, some of the strengths of using process-based soil 
erosion models in hillside environments have been illustrated. They are able to produce rapid estimates of 
the distribution of soil loss within a catchment and can evaluate a number of scenarios within a short space 
of time. However, there are limitations to their use in such environments. Mountain environments rarely 
have dense networks of recording raingauges or gauged catchments. Making the application of models, such 
as EUROSEM, difficult. In this study we have been able to show that the model produced results in the 
right order of magnitude, but in many other potential applications this will not be possible. So what is the 
value of a model which we cannot test? The answer depends upon the purpose of the modelling exercise is. 
If the objective is to show exactly how much sediment is being eroded from a particular field then using a 
model, such as EUROSEM, in situations where only limited information is available will not produce 
output in which much confidence can be placed. However, if it is to illustrate the impacts of soil 
conservation measures on soil erosion within a catchment in broad terms then the approach has some 
validity. Maps providing estimates of erosion losses for a number of scenarios can be produced at a variety 
of scales and these have the potential to influence local decision-makers e.g. farmers or local politicians. It 
has even been suggested (Ashby, personnel communication) that process based models with a suitable 
interface might make a useful extension tool, allowing farmers and extension workers can work together to 
evaluate different erosion control strategies. 
At the scientific level there is much to gain from applying models, such as EUROSEM, to catchments such 
as Pairumani. Process based models force us to think in a structured way about the processes we work with 
and challenge us to improve our understanding. Even with all the shortcomings of the evaluation of 
EUROSEM attempted in this paper, it has still highlighted the need to improve the description of water 
flows through a semi-permeable barrier, such as a contour grass strip. At present EUROSEM is not able to 
simulate ponding of water and sediment deposition upslope of the live barrier. New algorithms describing 
the ponding of water will be required for EUROSEM to describe such situations in the future. 
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Although most element showed a reduction in estimated soil loss four elements producing more or 
depositing less sediment with live barriers. The reasons for this lie in the amounts of sediment being 
produced and the ability of the flow to entrain more material. In the bare condition sediment production 
rates are high and fill the transport capacity of the flow, at this point net deposition begins to occur as any 
material eroded cannot be held in suspension. When the barriers are introduced sediment production rates 
are considerably lower and transport capacities are not reached, allowing small amounts of sediment to be 
eroded from each element. Where barriers are depositing less it is simply because less material has been 
eroded from the upslope elements. 
The application to the Pairumani catchment has produced some interesting results concerning the 
relationship between the transport capacity of the flow and deposition. The deposition of sediment in mid-
slope positions occurs because the transport capacity of the flow has been exceeded, because of erosion 
upslope.  At present we do not know whether this occurs in reality. 
Conclusions 
This paper has shown that a process-based model, EUROSEM, can be used simulate the likely impact of 
live barriers on catchment wide soil erosion rates. However, the lack of data to evaluate the model’s 
performances makes it difficult to associate high levels of confidence in the absolute values generated by the 
model. Rather it is better to see the results as indicators of response, which provide estimates of the likely 
magnitude of soil loss within the catchment. As long as the simulation results are treated in this way then 
the model can be an important tool in landuse planning. In particular the ability to run through scenarios of 
different soil conservation measures or climatic regimes in a relatively short space of time is extremely 
useful.  
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Parameter Value  Source 
Length of site 30 m Field measurements 
Width of site 7 m Field measurements 
Barrier width 1 m Assumed value 
Barrier spacing 5 m Field measurements 
Slope 45 % Field measurements 
Soil saturated hydraulic 
conductivity 
10 mm hr-1  Morgan et al., (1998b) 
Soil D50 35 μm Field texturing 
Soil roughness 25 m m-1  Field measurements 
Bare soil Manning’s n 0.1 m-1/3s Morgan et al., (1998b) 
Barrier vegetation cover 100 % Assumed value 
Barrier plant height 0.8 m Assumed value 
Barrier plant basal area 90 % Assumed value 
Barrier Manning’s n 0.2 m-1/3s Morgan et al., (1998b) 
Rainfall 60 mm hr-1 for 
30 mins 
 
 
